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(57)Abstract: 

PURPOSE: To detect an overcurrent of a semiconductor element to be protected 
and thereby to prevent oscillation during a feedback control by a method wherein 



an output current of an overcurrent detecting circuit is turned back, an output 
current of a power transistor drive circuit is extracted in accordance with the turn- 
back current and thereby the feedback control is conducted so that a power 
transistor may be brought into an off-state. 

CONSTITUTION: When a load impedance lowers as is the case with short- 
circuiting of a load and an output current of power FET (transistor) 10 and a 
current thereof for detection increase and when the current flowing into an 
overcurrent detecting circuit 14 from a terminal 10b for current detection of the 
power FET 10 exceeds a reference current flowing through a second reference 
current source 142 (i.e., in an overcurrent), this is detected by the overcurrent 
detecting circuit 14 and an output current from the overcurrent detecting circuit 
14 is turned back by a current mirror circuit 16. This turn-back current flows to a 
resistance element 17, an output current of a power FET drive circuit 13 is 
thereby extracted to a grounding node and the power FET 10 is subjected to a 
feedback control so that it may be brought into an off-state. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The power transistor of the electrical-potential-difference actuation mold 
which has multi-cell structure, The power transistor actuation circuit for 
controlling the control-electrode potential of the above-mentioned power 
transistor by turning on/off controlling the supply output of the charging current 
over the control-electrode capacity of the above-mentioned power transistor 
according to the actuation control signal for the above-mentioned power 
transistors, The overcurrent sensing circuit which detects and outputs the amount 
of currents at the time of the overcurrent of the current for detection which is 
connected to the terminal for current detection of said power transistor, and flows 
for the above-mentioned terminal for current detection, The overcurrent limiting 
circuit characterized by providing the control circuit which controls the control- 
electrode potential of said power transistor by turning up the output current of the 
above-mentioned overcurrent sensing circuit, and drawing out the output current 
of said power transistor actuation circuit according to this clinch current. 
[Claim 2] It is the overcurrent limiting circuit characterized by detecting the 
amount of currents at the time of the overcurrent to which said overcurrent 



sensing circuit was connected to the terminal for current detection of said power 
transistor, the difference of the current for detection and the reference current of 
the source of reference current which flow for the above-mentioned terminal for 
current detection was taken, and the above-mentioned current for detection 
exceeded reference current in an overcurrent limiting circuit according to claim 1, 
and outputting. 

[Claim 3] It is the overcurrent limiting circuit characterized by for the power 
transistor of the electrical-potential-difference actuation mold which has said 
multi-cell structure being an insulated-gate mold power field-effect transistor of 
the double diffusion mold which has multi-source structure in an overcurrent 
limiting circuit according to claim 1, and said control circuit possessing the 
resistance element which passes the output current of said power transistor 
actuation circuit according to the output current of the current Miller circuit which 
the output current of said overcurrent sensing circuit inputs, and turns up this 
input current, and the above-mentioned current Miller circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the overcurrent limiting circuit 
formed on the same chip as the power transistor of the electrical-potential- 
difference actuation mold which is applied to the overcurrent limiting circuit for 
detecting and protecting the overcurrent of a semiconductor device, especially 
has multi-cell structure. 
[0002] 

[Description of the Prior Art] Drawing 3 shows the conventional example of the 
overcurrent limiting circuit of the power metal-oxide semiconductor field effect 
transistor (insulated gate field effect transistor) formed in the integrated circuit 
(IC). In drawing 3 , 10 is the DMOS (double diffusion mold) power FET which has 
multi-source structure (the 1st source 10a, the 2nd source 10b), the drain is 
connected to a power supply terminal 20, and 1st source (current output 
terminal) 10a is connected to the backgate and the current output terminal 
(external load connection terminal) 11 of IC. 12 is a load circuit connected to the 
current output terminal 1 1 . 

[0003] 13 is a power FET actuation circuit for controlling the gate potential of 
Power FET by turning on/off controlling the supply output of the charging current 
over gate capacitance C of Power FET according to a power FET actuation 
control signal. 

[0004] 21 is an overcurrent sensing circuit which detects and outputs the amount 
of currents at the time of the overcurrent of the current for detection which is 
connected to 2nd source (terminal for current detection) 10b of Power FET, and 
flows to terminal 10b for current detection. This overcurrent sensing circuit 21 
takes the difference of the current for detection and the reference current of the 
source 141 of reference current which flow to terminal 10b for current detection 
of power FET 10, and is constituted by the current comparison circuit which 
detects and outputs the amount of currents at the time of the overcurrent to 
which the above-mentioned current for detection exceeded reference current. 



[0005] 22 is an electrical-potential-difference conversion circuit using the 
resistance element which changes and outputs the detection current of the 
above-mentioned current detector 21 to a voltage signal. 23 is a voltage 
amplification circuit which controls the gate potential of power FET 10 by 
amplifying the voltage output of the above-mentioned resistance element 22, 
drawing out the output current of said power FET actuation circuit 13, and 
passing the current according to the above-mentioned output voltage to touch- 
down potential. 

[0006] In the above-mentioned configuration, at the time of normal operation, 
load impedance is 12ohms, the pulse signal input of 12V and the power FET 
actuation circuit 13 changes [ the applied voltage of a power supply terminal 20 ] 
between 0V and 5V, and the pulse signal output changes between 0V and 20V. 
Under the present circumstances, when 20V are impressed to the gate of power 
FET 10, 1 A flows to current output terminal 10a of Power FET, and about [ that ] 
(about 1mA) 1/1000 current flows to terminal 10b for current detection of power 
FET 10. 

[0007] And when the current for detection exceeds reference current while load 
impedance falls and the output current of power FET 10 increases at the time of 
a load short circuit etc. and (at the time of an overcurrent), an overcurrent 
sensing circuit 21, the electrical-potential-difference conversion circuit 22, and 
the voltage amplification circuit 23 protect power FET 10 by carrying out 
feedback control so that the output current of the power FET actuation circuit 13 
may be drawn out and power FET 10 may be made into an OFF state. 
[0008] However, including the voltage amplification circuit 23, since the gain is 
large for a power FET feedback control path, the control action at the time of 
feedback control may become instability, and may oscillate the overcurrent 
limiting circuit of the above-mentioned configuration for it. 
[0009] In the circuit of drawing 3 , supply voltage is impressed to a power supply 
terminal 20 in a load short circuit condition, and drawing 4 shows signs that the 
wave of the current IDS between the drain sources of power FET 10 becomes 



instability, when the control action of a power FET feedback control path 
becomes instability and the overcurrent limiting circuit is oscillating. 
[0010] 

[Problem(s) to be Solved by the Invention] As described above, since the gain of 
the voltage amplification circuit included in the feedback control path of a 
protected semiconductor device was large, the conventional overcurrent limiting 
circuit had the problem that it may oscillate depending on the load conditions of a 
protected component at the time of the feedback control at the time of the 
overcurrent detection. 

[001 1] It was made that this invention should solve the above-mentioned trouble, 
and aims at offering the overcurrent limiting circuit which can prevent the 
oscillation when detecting and carrying out feedback control of the overcurrent of 
a protected semiconductor device. 
[0012] 

[Means for Solving the Problem] The power transistor of the electrical-potential- 
difference actuation mold with which the overcurrent limiting circuit of this 
invention has multi-cell structure, The power transistor actuation circuit for 
controlling the control-electrode potential of the above-mentioned power 
transistor by turning on/off controlling the supply output of the charging current 
over the control-electrode capacity of the above-mentioned power transistor 
according to the actuation control signal for the above-mentioned power 
transistors, The overcurrent sensing circuit which detects and outputs the amount 
of currents at the time of the overcurrent of the current for detection which is 
connected to the terminal for current detection of said power transistor, and flows 
for the above-mentioned terminal for current detection, The output current of the 
above-mentioned overcurrent sensing circuit is turned up, and it is characterized 
by providing the control circuit which controls the control-electrode potential of 
said power transistor by drawing out the output current of said power transistor 
actuation circuit according to this clinch current. 
[0013] 



[Function] When the current for current detection exceeds reference current while 
the impedance of the load of a power transistor falls and the output current of a 
power transistor increases and (at the time of an overcurrent), a power transistor 
is protected by an overcurrent sensing circuit's detecting this, and carrying out 
feedback control so that a control circuit may draw out the output current of a 
power transistor actuation circuit and may make a power transistor an OFF state. 
[0014] Under the present circumstances, the power transistor feedback control 
path which consists of an overcurrent sensing circuit and a control circuit 
constitutes the current control path, and excluding a voltage amplification circuit, 
since that gain is low, the actuation when detecting and carrying out feedback 
control of the overcurrent of a power transistor does not become instability, but it 
becomes possible to prevent the oscillation of an overcurrent limiting circuit. 
[0015] 

[Example] Hereafter, the example of this invention is explained to a detail with 
reference to a drawing. Drawing 1 shows the overcurrent limiting circuit of the IC- 
ized power FET concerning one example of this invention. 
[0016] Setting to drawing 1 , 10 is multi-source structure (the 1st source 10a, the 
2nd source 10b) (it is the DMOS mold power FET which it has, and the drain is 
connected to a power supply terminal 20, and 1st source (current output 
terminal) 10a is connected to the backgate and the current output terminal 
(external load connection terminal) 11 of IC). 12 is a load circuit connected to the 
above-mentioned current output terminal 11. 

[0017] 13 is a power FET actuation circuit for controlling the gate potential of 
power FET 10 by turning on/off controlling the supply output of the charging 
current over gate capacitance C of power FET 10 according to a power FET 
actuation control signal. 

[0018] 14 is the overcurrent sensing circuit connected to the 2nd source (terminal 
for current detection) 10 b of power FET, it detects and outputs the amount of 
currents at the time of the overcurrent of the current for detection which flows to 
the above-mentioned terminal 10b for current detection, takes the difference of 



the above-mentioned current for detection, and the reference current of the 
source 142 of reference current, and is constituted by the current comparison 
circuit which detects and outputs the amount of currents at the time of the 
overcurrent to which the above-mentioned current for detection exceeded 
reference current. 

[0019] 1st NPN transistor Q1 by which the emitter was connected to current 
output terminal 10a of power FET 10 as an example of the above-mentioned 
overcurrent sensing circuit 14, The 1st source 141 of reference current 
connected between the collector of 1st NPN transistor Q1 of the above, and the 
touch-down node, 2nd NPN transistor Q2 by which the base emitter was 
connected corresponding to the collector base of 1st NPN transistor Q1 of the 
above, and the collector was connected to the touch-down node, 3rd NPN 
transistor Q3 by which the emitter was connected to terminal 10b for current 
detection of power FET 10, and the base was connected to the base of said 1st 
NPN transistor Q1, It consists of the 2nd source 142 of reference current 
connected between the collector of 3rd NPN transistor Q3 of the above, and the 
touch-down node. Here, it is designed so that the reference current which flows 
in the source 142 of reference current of the above 2nd, and the reference 
current which flows in said 1st source 141 of reference current may become 
almost the same. 

[0020] 15 is a control circuit which controls the control-electrode potential of 
power FET 10 by turning up the output current of said overcurrent sensing circuit 
14, and drawing out the output current of said power FET actuation circuit 13 
according to this clinch current. 

[0021] The output current of an overcurrent sensing circuit 14 inputs the above- 
mentioned control circuit 15, and it consists of MOS mold current Miller circuit 16 
(in this example, DMOSFET of the same structure as power FET 10 is used.) 
which turns up this input current, and a resistance element 17 which generates 
the electrical potential difference according to the output current of above- 
mentioned current Miller circuit 16, draws out the output current of the power FET 



actuation circuit 13, and is passed to touch-down potential. 
[0022] In addition, although above-mentioned current Miller circuit 16 may be 
constituted using a bipolar transistor, as for the transistor of an output side, it is 
desirable [ the Miller circuit ] to have the high proof-pressure property of bearing 
the output voltage of the power FET actuation circuit 13. 
[0023] In the above-mentioned configuration, at the time of normal operation, 
load impedance is 12ohms, the pulse signal input of 12V and the power FET 
actuation circuit 13 changes [ the applied voltage of a power supply terminal 20 ] 
between 0V and 5V, and the pulse signal output changes between 0V and 20V. 
[0024] Under the present circumstances, when 20V are impressed to the gate of 
power FET 10, 1 A flows to current output terminal 10a of Power FET, and about 
[that] (about 1mA) 1/1000 current flows to terminal 10b for current detection of 
Power FET. In this condition, the current which flows into an overcurrent sensing 
circuit 14 from terminal 10for current detection b of Power FET, and the 
reference current which flows in the 2nd source 142 of reference current balance, 
there is no output current from an overcurrent sensing circuit 14, and current 
Miller circuit 16 is an OFF state. 

[0025] On the other hand, load impedance falls like at the time of a load short 
circuit, the output current and the current for detection of power FET 10 increase, 
when the current which flows into an overcurrent sensing circuit 14 from terminal 
10for current detection b of Power FET exceeds the reference current which 
flows in the 2nd source 142 of reference current (at the time of an overcurrent), 
an overcurrent sensing circuit 14 detects this and current Miller circuit 16 turns up 
the output current from an overcurrent sensing circuit 14. When this clinch 
current flows to a resistance element 17, the output current of the power FET 
actuation circuit 13 is drawn out by the touch-down node, and feedback control is 
carried out so that power FET 10 may make it an OFF state. Thereby, power 
FET 10 is protected. 

[0026] Under the present circumstances, the power FET feedback control path 
which consists of an overcurrent sensing circuit 14, current Miller circuit 16, and a 



resistance element 17 constitutes the current control path, and excluding a 
voltage amplification circuit, since that gain is low, the actuation when detecting 
and carrying out feedback control of the overcurrent of power FET 10 does not 
become instability, but it becomes possible to prevent the oscillation of an 
overcurrent limiting circuit. Moreover, since the above-mentioned power FET 
feedback control path performs current control, there are few the operating 
element numbers, it is easy to constitute, and has the advantage that setting out 
of the parameter of a circuit property is also easy. 

[0027] Control action of a power FET feedback control path is carried out to 
stability, and drawing 2 shows the situation that the wave of the current IDS 
between the drain sources of Power FET is stable, when supply voltage is 
impressed to a power supply terminal 20 in a load short circuit condition in the 
circuit of drawing 1 . 

[0028] In addition, the overcurrent limiting circuit of this invention is applicable to 
the power transistor of the electrical-potential-difference actuation mold which 
has the multi-cell structure containing IGBT (insulated-gate mold bipolar 
transistor) which has not only the DMOS power FET of the above-mentioned 
example but multi-emitter structure. 
[0029] 

[Effect of the Invention] As mentioned above, according to the overcurrent 
limiting circuit of this invention, the oscillation when detecting and carrying out 
feedback control of the overcurrent of a protected semiconductor device can be 
prevented. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing the overcurrent limiting circuit of the 
power FET concerning one example of this invention. 
[Drawing 2] The wave form chart showing the situation that the wave of the 
current IDS between the drain sources of Power FET is stable when supply 
voltage is impressed to a power supply terminal in a load short circuit condition in 
the circuit of drawing 1 . 

[Drawing 3] The circuit diagram showing the overcurrent limiting circuit of the 
conventional power FET. 

[Drawing 4] The wave form chart showing the situation that the wave of the 
current IDS between the drain sources of Power FET is unstable when supply 
voltage is impressed to a power supply terminal in a load short circuit condition in 
the circuit of drawing 3 . 
[Description of Notations] 

10 -- The DMOS mold power FET which has multi-source structure, 10a - The 
1st source of Power FET (current output terminal), 10b -- The 2nd source 
(terminal for current detection) of Power FET, 1 1 - The current output terminal of 
IC, 12 [ - The source of reference current 15 / - A control circuit, 16 / - Current 
Miller circuit, 17 / -- A resistance element, 20 / - A power supply terminal, C / -- 
Gate electrode capacitance of Power FET. ] -- A load circuit, 13 -- A power FET 
actuation circuit, 14 -- 141 An overcurrent sensing circuit, 142 
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DRAWINGS 



[Drawing 1] 





[Drawing 4] 
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«SnfcJBl©NPNh9>5?X^Ql t, -kfafgl© 
N P N h 7 >-777Q 1 ©3 1^7 tmMJ- H t©W 
£gM2ftfci? 1 ©SZpSffiSt Hit, ±fEfg 1 ©N 
PNh7>yX^Ql©3l/^^ ■ ^-XtMJSbT^ 

R3ftfcl2fl)NPNf7>^Q2t, A7-FE 

ti 0 ©*i«ttaiffl«? 1 obtis-^wsn, 

MIBH 1 ©NPN h7>v7^Q 1©^-Xt^-X^ 
a? ©NPN b7>^X9Q3(Dn]y99tmm/-bt<D 

MfcSiisn&»2oasjp«ffliiti4 2t*6a:«. e 

ht, ifdSB 2 ©S^tiStil 1 4 2 fc«EnsSip«*i 
ME£ 1 ©«¥*«?! 1 4 1 t«in«S*«flEtttHS 

[0 0 2 0] 15 ttfflr3Bffl*9Mftm[alj$ 1 4 ©ffi^ttgft 
SUtDSU Z:©fjfDjItm^iC^UTtif|HA°7-FE 
TK»H1&1 3©a#«ffi£§l€?{fe<;i£l;:«kD/l'7-- 
F ET 1 0 ©fflffl«**&fcfflffl-rSfflW®&T!i65. 

[0 0 2 1] ±fEfMf« 1 5 te, jBStfEttttiUtt 1 4 
50 ©{H*«*#A*U ^©A*m^£*fDM-rMOSS 
*P>h57-0SSl 6 A7-FET10 
tHI©il0DMOSFET*tffi^6nTH5. ) 

ffi*^/fiUT/W-FETWiillI»l 3©fflA«SSSgi 

[0 0 2 2] fcfc, ±|B*k>h5 7-0SSl 6tt, A 

#J©h7>vX7«A7-FETffii«l 3©mMI 

40 [0 0 2 3] ±fE«J&t:fe^T, fi^iWBffcte, H# 
•f >t°-^>7*^J^«l 2QT&D, «EJSK?2 0© 
M*JE^JX«1 2 V, /17-FETKirHf»l 3© 
A°;PXfi^A*^0 V iWLtf 5 V ^©^TSftLT^ 

©^;i/Xl^tHAtfo vtM^tt2 0 vtrorBlTSft-r 
§0 

[0 0 2 4] C©|B, A7-FET 1 0©y-ht2 0 
VtfmU-£tLX^m\Z\$, A7-FET©«^tttJ7J» 
flOatl A#«*l, ^© 1 / 1 0 0 0 US. (1mA 
SflO ©««£*V17-FET©*»ftfflffl«H i l ObC 
50 Sn5. ilO^Ifc^^m /W-FETOlIttH 



m 2 ammnmm 1 4 2 ninsi^ntffiit 

> h 5 7-m$ 1 6 «;f 7tfffiT?*£. 
[0 0 2 5] ^tltCMLT, ftWfflWea£©«t3fcft 
>tf-y>X*ifiTt. /17-FET1 OOfflA* 
^*J;^tllfflS^±liPL, /W-FETOSSKttW 

fflST 1 0 b fre>m%muu®& 1 4 Ksift&tfSSiEat 
£g 2 ©a^s^M 1 4 2 fcssn5S*««E*jffi^&i^ 

n,wmm& 1 4 a> e> ©m^m^ts* u > h 5 ^-uss 

1 6mm-To ^©SfDiIL*^WlgTl 7fc« 
nsz:tHJ:t)/w-FET««riii»i 3©a*««EA« 

»Jfi/-Hfc9l*JfoWU /W-FETlOiWi 

ti ojjsfiaian*. 

[0026] z:©i& a*isfEttaia»i4t*u>h5 

^©flJ#/W£^©T, ;w-fetio a? 

61*, Ji«*WIBia»©SHiftK?±faE;t39riirilfca: 
<5. Sfc, ±E/W-FET(HBM«Hltt, «s^M« 

0, @&#tt©/^-*©i^fc§l^&3^5fiJ 

[0 0 2 7] 0 2«, 0 1 ©IHKH;*V>T^ffiffi»«!B 

7 - f e T®mmm<DMWwim$fe\zfft>n, * 

U-F ET© H W > • V-XW*Sf£ I DS©$«££ 39 
[01] 




#^¥8 - 3 3 1 7 5 7 

[0028] a*, *5sw©jfi««twisiif»tt, mm 

IWODMOS/W-FETCiSf, V^fX^y^ 

JBi&s^rrsi gbt d6a^-h5i;K#-^h^> 

©A°7-h^>^X^tMLTjifflHjfgT^-g)o 
[0 0 2 9] 

M©?i*] ±a!L^i5ic*^0^©iiS^fflK@SS 
[0ffi©ffi¥fc§£HJl] 

[HI] *^0J©-*S6«(C#2»/W-FET©®m^ 

MRiii»sjs?-iin*H. 

[02] H 1 ©0SSt*3^Tft#SI&^ll©B#H«SS 
^ fc*E*ffiW?Jn2nfc*£fc/W-F E T© H W 
> • V-7.mWm I DS©SE^^£Tf*5«TS^1-j|g 
»0, 

[0 3] ^*©/W-FET©ii«WS@S§^-r0 
BH. 

[04] 0 3©[UKt^^Tt#SI§ttM©B#t*}ga 
^IC«iH«J±^EPJO$nfcJi-&!CA°7-FET0HW 

[AWOKE] 

1 o-v^y-^njftft^rfaDMOsai^y-FE 

T, 10a-/W-FETOll©y-X («MitU:tf« 
^) , 1 0 b-/W-FETOl2©V-X (Wfttftffl 
ffl*^) , 1 l-I CO««ffl**P. 12-Sf@ 
tt, 13-/W-FETI»I», 1 4 — a«MftHJ|ir 
», 14 1, 1 4 2 -SipSifEjB, 1 5-(W»@», 1 
6-*k>h57-0K, 17-«if, 2 0-ftjg 
*f, C»^7-FET©y-H»i. 

[02] 
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